INTRODUCTION
The knowledge on the spatial variability and hydrological behaviour of catchments is a fundamental input for developing appropriate water resource planning and management actions [Chiang, Tsay and Nix, 2002 ] that take part in various areas of human activities (e.g. land consolidation, soil fund organization, landscape planning, integrated catchment management, soil erosion control, maintenance of water resources) [Tárník and Land consolidation projects play an important role in the consolidation of fragmented agricultural land and in the improvement of the spatial structure of Slovak agriculture as well as the agriculture of other European countries: Poland [Leń and Król, 2016] , Czech Republic, Germany, Hungary and Austria [Muchová and Antal, 2013] . The aim of modern land consolidation is also the management and conservation of the natural environment of rural areas through agricultural diversification:
• limitation of soil erosion by means of special formation of farmland areas and of the roads used for framing transport; • maintenance and care of the existing mid-field tree lines and groups and the design of new ones for the improvement of microclimate of areas with low level of afforestation; • creation of ecological corridors (afforestation) conducive to the migration of animals; • conservation of buffer zones around water reservoirs for their protection against synthetic plant protection agents and fertilisers [Leń and Król, 2016] .
Land consolidation projects are realised on "specific areas" of interest (SA) that are defined and delineated in the landscape. SAs are very often defined not based on the natural characteristics (such as watersheds, subwatersheds) but also on the basis of ownership or political decisions (e. g. cadastral areas, regions, state borders). On the basis of the theoretical analysis, three characteristic situations for the localization of SA can be identified [Muchová and Antal, 2013 ]: 1. the border of SA is identical with the watershed divide ( Figure 1a) ;
2. the border of SA is located within the same watershed but is not is identical with the watershed divide ( Figure 1b) ; 3. the border of SA is part of several watersheds (Figure 1c ). For the later cases, the runoff processes has to be evaluated taking into account the inflow of water from outside of the SA border and only to the outflow cross-section from SA, respectively.
Aside from the land consolidation projects, the planning and design of most small to large water resource development projects has usually necessitated the estimation of the runoff potential and subsequent soil erosion risk within a targeted catchment [Mekonnen, Melesse and Keesstra, 2016] .
In order to analyse the precipitation-runoff process, the relationship between the intensity, duration and frequency of rainfall (the IDF relationship) is one of the most commonly used tools in water resources engineering, either for the planning, design and operation of water resource projects or the protection of various engineering projects against floods. Since the establishment of such relationships in the 1930s, different forms of relationships have been constructed for several regions of the world [Bara et al., 2010] .
In general, the analysis of the precipitationrunoff process and soil erosion risk in particular areas requires various input map information at the sufficient scale, such as watershed divide map of main watershed and subwatersheds, map of slope lines (lines in the direction of the steepest slope), hydrolines and thalwegs, maps of areas, lines and points of concentration and diversion of surface runoff as well as distance map of pre- cipitation water surface runoff between the watershed divide and hydrolines (map of continuous runoff of precipitation water). Nowadays, this information can be obtained in GIS environment using precise digital elevation model as an input subjected to mathematical modelling [Šinka, Muchová and Konc, 2015] . The aim of this contribution is to present the possibilities to assess the precipitation-runoff process and soil erosion risk in a specific area using the theoretical approaches with the simplest requirements for meteorological and surface runoff data.
METHODOLOGY
For the purposes of design (dimensioning) of technical water management measures and erosion control measures it is necessary that the analysis of the precipitation-runoff process and the water erosion processes in the area of interest would originate particularly from the knowledge on:
• the design rain properties;
• and surface runoff properties.
Design rain at a specific location and for the purposes of specific technical measure is unambiguously defined by the periodicity of its occurrence (annual frequency) (p), return period (N), its duration (t D,N ), abundance of design rain (q D,N ) and its intensity (i D,N ) [Muchová and Antal, 2013] .
For the design of water management measures, conservation (especially erosion) measures or other measures for ecological stabilization and protection of the area, it is important to particularly determine the following characteristics of surface runoff: ] .
Worldwide known Soil Conservation Service curve number (CN) method (Chow, 1964) that is used e.g. in catchment scale calculations of sediment delivery ratio and the amount of direct surface runoff [Šinka and Kaletová, 2013] can be used to estimate the potential (maximum) retention and the depth of direct runoff while it takes into account specific soil hydrological properties, the quality of soil cover and land use and especially for providing instant runoff data in remote catchments without the data recording equipment [Zelelew, 2017] .
In the Slovak Republic, soil erosion is the most significant form of soil physical degradation. It threatens more than 50% of the total area of agricultural land [Jambor and Ilavská, 1998 ]. The fastest assessment of physical soil degradation occurrence in the study area is provided by the purposeful interpretations of the results of soil quality/price assessment done during Complex Soil Survey. The Methodological Handbook of Erosion Control Soil Cultivation [Jambor and Ilavská, 1998 ] categorizes the soil erosion according to the slope at the site into four groups, namely: soils not endangered to moderately threatened, medium, strong and extremely endangered soils by erosion (Table 1) . Unlike in the case of the other approach widely used in Slovakia and worldwide (1) , no other erosion factors on the site are considered.
The intensity of soil erosion by water can also be determined using modelling and thus mathematical approaches such as the Universal Soil Loss equation (USLE) in the form (Eq. 1) [Wischmeier and Smith, 1978]: 
RESULTS

Estimation of design rain properties
Design rain characteristics can be determined by means of various practical tools. Simpler approaches such as the ones shown in Table 2 take into account predominantly the land use and slope characteristics of the specific area of interest.
Function analysis (Eq. 2) takes into direct consideration the expected cost to establish the technical measure and the cost for removing the damages the natural process can cause.
where: N is determined at the point where function Σ (cost + damage) has a minimum value - Figure 2 .
The critical duration of design rain (t D,N,crit ) can be also determined by the function analysis (Eq. 3) [Muchová and Antal, 2013] .
where: τ max is concentration time and t D,N,crit is determined at the point where function (Eq. 3) reaches its maximum value ( Figure 3) .
The relationship between the design rain intensity (or abundance), its duration and the annual frequency (or return period) for a particular location i D,N (or q D,N ) = f (t D,N , p, locality characteristics) is expressed by lines of alternate (design) rain intensities (abundances) of torrential rains (Figure 4 ). In Slovakia, the IDF relationship can be obtained by:
• processing long-term (> 30 years) ombrographic observations at the site; • requesting and processing design rain characteristic for a specific location from the relevant branch of Slovak Hydrometeorological Institute (the most accurate data); • calculating according to the equations (Eq. 4), (Eq. 5) [Antal et al., 2014] .
In order to calculate the design rain intensity, Dubs equation (Eq. 4) and Urcikáns equation (Eq. 5) are most frequently used under the conditions of Slovakia [Antal et al., 2014] , when design rain intensity is calculated after unit conversion from design rain abundance. The rainfall IDF relationships worldwide are expressed in various formats (e.g. in USA isohyetal maps, atlases with combination of recurrence interval and duration of rain for different regions). Various methods are used to evaluate the frequency of the rainfall such as: Bilham method, Federick Charles Bell, and NERC (Natural Environment Research Council. Chen utilized a method similar to the Bell method and it was used for IDF evaluation in Jordan [Hadadin, 2005] . Elsebaie [2012] in his study conducted in Saudi Arabia used Gumbel and LPT III distribution method for the formulation and construction of IDF curves using the data from recording stations.
Estimation of surface runoff properties
Among the many principles to reduce the risk of soil degradation by water erosion (e.g. protection of the soil surface from the impact of rain drops, increasing the surface roughness of the soil), the most important one is that "If there is no surface runoff, there is no soil erosion by water" [Antal, 1985] .
The surface runoff of the precipitation water on the slope occurs when the intensity of the rain in the specific time -i D,t is greater than the infiltration capacity of the soil -v i,t (Eq. 6) or when the depth of the design rain -H D,N is greater than the surface retention of the investigated slope -H R (Eq. 7).
HD,N > HR
By adjusting the equations for calculating the depth of surface runoff and the potential retention of the investigated slope (watershed) using the Soil Conservation Service Curve Number method (SCS CN), we obtain the equation (Eq. 8) for calculating the maximum depth of design rain (H D, max ) that would not yet cause surface runoff [Antal, 1985, modified] :
where: H D,max -maximum depth of design rain that does not yet cause surface runoff, i.e., surface retention of the investigated slope -H R [mm]; CN -representative SCS CN value of the investigated slope as a function of its vegetation cover and hydrological category of soil [Chow, 1964] . Figure 4 . Lines of alternate (design) rain intensities (abundances). Intensity-duration-frequency relationships for torrential rains [Antal et al., 2014] country-specific verification using measured data is recommended [Dile et al., 2016] . By analysing the formation of surface runoff on agricultural land we found that -with the exception of sandy soils -it is possible to prevent the formation of surface runoff in field crops caused by design rain estimated for erosion control (Table 2) only by the application of some technical or biotechnical erosion measures [Antal, 1985] .
The calculated intensity of water erosion can be compared with the value of the permissible (tolerated) soil loss intensity (S p,tol .) ( Table 4 ). In Slovakia, the individual limiting values of erosion soil loss are a function of the soil depth.
CONCLUSIONS
1. Rainfall is one of the most important sources of water. However, its random occurrence sometimes creates a lot of problems. The catchment response to the rainfall events may cause considerable damage to development in the surrounding landscape. Planning and protection of such a catchment, its agricultural land and urban areas requires estimates of expected discharge from the rainfall events of different magnitudes. Our contribution presents some insight into the way in which the precipitationrunoff process and soil erosion risk in a specific area can be estimated using the theoretical approaches with the simplest requirements for meteorological and surface runoff data. The procedure, described in the methodology and results of this work can be used for the assessment of precipitation-runoff process and soil erosion risk also in other countries worldwide. It should be kept in mind that the soil erosion risk of the site cannot be assessed without the knowledge on the precipitation-runoff processes at the specific area of interest. Since without surface runoff, there is no soil erosion by water. 2. USLE and SCS CN methods are used worldwide; thus, the results of the studies using these approaches can be comparable. Additionally, these empirical approaches require significantly less input data than the newer mathematical models of erosion and deposition processes. However, the representativeness of the results should be verified by real measurements. In the field the more natural conditions differ from the country (USA) where these approaches were originally developed.
3. Regarding the IDF curves, the applicability of methodology described in this paper is limited to Slovakia and the locations near the Slovak borders, due to dependence of the equations (e.g. Eq. 5) on parameters that are site specific and were developed for specific regions of Slovakia using long-term observations of meteorological data. Although other European countries and the countries outside Europe use different calculations, their principle is the same and they originate from the analytical expression of the IDF curves. 4. In relation to the climate change and changing rainfall patterns in all regions worldwide, further studies should be conducted to specify the regional characteristics of precipitation, soil and its usage. Increasing occurrence of torrential rains with short duration and high intensity requires attention to consider the existing methods of IDF relationships evaluation and subsequent usage of the input values for the purposes of land management and development. Deep soils (0.6 -0.9 m) 15
Very deep soils ( > 0.9 m) 20
• KEGA 026SPU-4/2017: Innovative application of optic method in soil science: laser diffraction by soil texture analysis; • APVV SK-AT-2017-0008: Application of the connectivity concept in water erosion research for the purposes of integrated catchment protection.
